Background and aims: atrophic gastritis (AG) and dysplasia are precancerous lesions, with which early surveillance of disease progression is particularly important for patients. The present study aimed to explore potential alarming signals for atrophic gastritis progression towards dysplasia.
INTRODUCTION
Atrophic gastritis (AG) is a recognized precancerous lesion. AG-related lesions (such as intestinal metaplasia and dysplasia) are risk factors for gastric cancer (GC). Studies reported that during 5-year follow-up, the annual incidence rates of GC, intestinal metaplasia, mild to moderate dysplasia and severe dysplasia were, respectively, 0.1, 0.25, 0.6 and 6% in patients with AG in Western countries (1) . With the wide application of endoscopy and the improvement of health awareness, the rate of detection of AG in clinical practice is increasing. This means that an increasing number of patients with AG will bear the psychological pressure to have follow-up exams and their financial burden. Currently, no effective preventative strategies have been developed; there is only symptomatic therapy and Helicobacter pylori (Hp) eradication. During follow-up, timely and accurate assessment of disease condition and monitoring of risk factors for dysplasia are critically important for these patients. In the present study, clinical data for patients with AG treated at the Digestive Endoscopy Center of the Guangzhou Nanfang Hospital in the past 11 years were retrospectively analyzed and some valuable characteristics were identified. Our aim is to study the alarming signals of progression of AG towards worse outcome.
METHODS

Inclusion criteria and histological analysis
Data from patients treated at the Digestive Endoscopy Center of the Guangzhou Nanfang Hospital between 2001 and Analysis of alarming signals for the progression of atrophic gastritis to dysplasia 2011 were retrospectively analyzed. Inclusion criteria were: 1) atrophic gastritis (AG), which is defined as loss of glandular tissue with and without metaplasia (2); 2) further, the data were respectively extracted from the patients with AG, who were associated with dysplasia, and combined with gastric ulcer. Of these patients with AG, only part received followup, and this part of data was also extracted; and 3) gastric ulcer but not combined with atrophic gastritis (Fig. 1) .
In accordance with the Updated Sydney System (2,3), the degree of gastric mucosal inflammation, inflammatory activity, glandular atrophy, Hp infection and intestinal metaplasia were classified into four grades as follows: 0 = none, 1 = mild, 2 = moderate, and 3 = severe. And dysplasia was also classified into four grades based on the range and the degree of differentiation of dysplasia: 0 = none, 1 = mild, 2 = moderate, and 3 = severe. All samples were reviewed mainly by two pathologists, and unity discussion was performed if there was any doubt of data. The study was approved by the local Ethics Committee, and an informed consent was not considered necessary because of the observational nature of the study.
Statistical analysis
The patient data meeting the inclusion criteria above were respectively evaluated by different statistical analysis as follows ( Fig. 1) :
To analyze the possible risk factors for atrophic gastritis (AG), dichotomous logistic regression analysis was performed. The dependent variables were AG as a control group and AG concomitant with dysplasia as a study group. The independent variables were age, gender, intestinal metaplasia, Hp infection and comorbidities including antral ulcer, gastric angle ulcer, duodenal ulcer, reflux esophagitis, bile reflux, esophageal erosion and duodenitis. As for the control group, specific sampling methods: the number of control patients for each year was three times the number of patients in the study group in each year. Then the proportion of these patients in original control patients in each year was calculated as a sampling ratio within each year. Then, sampling was done for each year based on the sampling ratio.
The three patient groups with AG and combined antral ulcer/gastric angle ulcer (group 1), with antral ulcer/gastric angle ulcer (group 2), and with simple AG (group 3), were respectively stratified according to five pathological features: inflammation or atrophy, mild to moderate dysplasia, moderate to severe dysplasia, confirmed gastric cancer and highly suspected gastric cancer. Then, constituent ratios of the pathological features were analyzed respectively in these three patient groups.
The cumulative hazard of the occurrence of dysplasia in the patients with AG was determined on the basis of the Kaplan-Meier method (4,5) during follow-up. To assess the rank correlation between Hp infection and dysplasia based on the 6 pathological indices of the Sydney system, we fitted the data into the Spearman correlation analysis.
Differences were considered to be significant when the two-sided p value was < 0.05. All calculations were performed using the statistical software SPSS 13.0.
RESULTS
General characteristics of patients meeting the inclusion criteria
Between 2001 and 2011, 3,361 patients underwent gastroscopy and were confirmed as atrophic AG, of whom 135 patients suffered AG associated with dysplasia, 234 patients received follow-up, 255 patients with AG were combined with gastric ulcer including antral ulcer or gastric angle ulcer, 292 patients with AG were evaluated by two pathologists based on the 6 pathological indices of the Sydney system. At the same time, 1,389 patients suffered gastric ulcers but not combined with atrophic gastritis (Fig. 1 ).
For patients with AG, AG with dysplasia, and AG with moderate or severe dysplasia, age and gender were analyzed. The proportion of male patients was higher than female and constituent ratio of males was respectively 63.8, 75.6 and 78.3% in this three patient groups, mean ages were 53.5 ± 12.7, 53.9 ± 12.2, and 56.2 ± 12.1 years old, respectively (Table I ).
Survival analysis of AG patients with occurrence of dysplasia
For AG patients with complete follow-up, the occurrence of dysplasia including mild, moderate and severe dysplasia was defined as an endpoint event for survival analysis. After follow up of 0.5, 1, 2, 5, and 10 years, the occurrence rates of dysplasia were respectively 2.3, 4.4, 9.6, 19.3, and 42.4 (Fig. 2) .
AG in combination with antral ulcer or gastric angle ulcer may be an alarming signal for the progression of atrophic gastritis towards dysplasia
A total of 135 patients with AG and dysplasia were included as the study group. Following stratified sampling from 3,106 patients with AG but without dysplasia, 420 patients were finally included as the control group. Then dichotomous logistic regression analysis was performed. Gender, antral ulcer, and gastric angle ulcer were significantly different in the study group than in the control group (p = 0.011, 0.034, and 0.008, respectively). These results indicated that these three factors are related to the occurrence of dysplasia in AG patients (OR = 0.534, 95%CI: 0.329 ~ 0.864; OR = 2.427, 95%CI: 1.069 ~ 5.511; 2.961, 95%CI: 1.336 ~ 6.564, respectively). However, age, Hp infection and other comorbidities did not show significant differences (Table II) .
In three patient groups: group 1 (AG combined with antral ulcer or gastric angle ulcer; 255 patients), group 2 (antral ulcer/gastric angle ulcer alone; 1,389 patients), group 3 (AG alone; 3,106 patients), the constituent ratios of five pathological features as mentioned above were respectively analyzed. Our findings indicated that the rate of moderate to severe dysplasia in the group 1 was significantly higher than in two other groups; the rates were 8.6, 2.7, and 1.2%, respectively (p < 0.0001). The rates of cancer and highly suspected cancer in the group 2 were 4.4 and 3.1%, respectively, but those of were all 0%, 0% in the group 1 and 3 (Fig. 3) . Of 292 patients with AG evaluated according to six pathological features of The Updated Sydney System including Hp infection, chronic inflammation, inflammation activity, atrophy, intestinal metaplasia and dysplasia, rank correlation analysis was performed. Results showed that the correlationcoefficient was 0.755 (p < 0.001), showing the strong correlation between atrophy and intestinal metaplasia; the correlation coefficient was 0.426 (p < 0.001), showing a positive correlation between inflammation activity and Hp infection. However, there were not significant correlations among other pathological features showed in table III in this study.
Correlations among Hp infection, chronic inflammation, atrophy, intestinal metaplasia and dysplasia
DISCUSSION
In the present study, the age of patients with AG ranged from 16 to 92 years and the mean age was 53.5 ± 12.7 years old. The mean age of patients developing dysplasia and moderate to severe dysplasia was 53.9 ± 12.2 and 56.2 ± 12.1 years old. Adamu et al. followed the patients aged 50 ~ 74 years old for 5 years. Their results showed that the incidence of AG in patients aged 50 ~ 54 years old and those aged 70 ~ 74 years old was 0.5 and 2.1%, respectively. Thus, advanced age is an important risk factor of atrophy and dysplasia (6) (7) (8) . In patients with AG-related diseases, the proportion of male patients is higher than that of female patients. With clinical increases in follow-up duration, the proportion of patients developing dysplasia and moderate to severe dysplasia has been increasing.
Our study showed that AG combined with gastric ulcer (especially gastric angle ulcer) is more susceptible to developing dysplasia than AG alone. Further in this study the constituent ratio of moderate to severe dysplasia in AG patients combined with antral ulcer/gastric angle ulcer was higher than in patients with gastric ulcer alone and AG alone. As shown in previous studies, in addition to the severity and distribution characteristics of atrophy and intestinal metaplasia, concomitant diseases (especially the mucosa-asso- Fig. 3 . The constituent ratios were analyzed based on five pathological features in three patient groups showed on the picture. The pathological indices above described: highly suspected gastric cancer was considered as gastric ulcer with few atypia cells and perishing morphogenesis under endoscope; moderate dysplasia was not included in mild to moderate dysplasia; moderate and severe dysplasia were included in moderate to severe dysplasia. We speculated that gastric ulcer, type III intestinal metaplasia and AG are at risk for cancer, and the effect of having two or three of these factors significantly increase the risk for gastric cancer (9) . There is a possible mechanism that molecular biology changes including gp130, MMP, Reg, IL-11 and IGF-1, etc., may be contributed to excessive hyperplasia of mucosal epithelial cells during the occurrence, development and outcome of diseases of gastric ulcer. Whether these changes promote the occurrence of dysplasia in the patient with atrophic gastritis combined with ulcer should be further explored (13) (14) (15) . So occurrence of gastric ulcer in AG patient may be an alarming signal for the progression of atrophic gastritis towards dysplasia and AG patients with antral ulcer or gastric angle ulcer should be closely monitored in clinical work. Hp infection is a risk factor for occurrence of AG. A metaanalysis showed that the relative risk of Hp positive patients for AG was 5.0 compared to Hp negative patients (16) . However, it is unclear whether Hp infection increases the risk for disease progression in AG patients with or without intestinal metaplasia and dysplasia and whether anti-Hp therapy is necessary under this condition. In the present study, our results did not show a correlation between Hp infection and intestinal metaplasia or dysplasia. This suggests that Hp infection may be not a key risk factor of cancer development once AG, intestinal metaplasia or dysplasia has occurred. Under this condition, anti-Hp therapy might not alleviate or reverse the severity of atrophy, intestinal metaplasia and dysplasia, and then not block the progression of precancerous lesions to cancer. Wang et al. at the Queen Mary Hospital of the University of Hong Kong conducted a 7-year prospective study in which patients without precancerous lesions (AG, intestinal metaplasia and dysplasia) received anti-Hp therapy and none developed gastric cancer, but anti-Hp therapy could not block the occurrence of gastric cancer once the precancerous lesion was present (17) . Precancerous lesions including AG, intestinal metaplasia and dysplasia are usually accompanied by molecular biological changes. Once the point of no return is reached, Hp eradication therapy can no longer reduce the incidence of gastric cancer. Some studies revealed that the detection rate of Hp infection is low in patients with AG and intestinal metaplasia, and the more severe the disease, the lower the detection rate (18) . Thus, we speculated that Hp infection is an important risk factor for disease initiation and acts as a trigger.
Atrophic gastritis with ulcer
Furthermore, the rank correlation analysis also showed that Hp infection is positively related to inflammation and chronic inflammation, and that chronic inflammation is weakly positively associated with atrophy, intestinal metaplasia and dysplasia. This may be attributed to the fact that many active substances are released during inflammation, and that the accumulation of these substances may finally cause a series of damaging events to cells such as DNA damage (19) (20) (21) . Chronic inflammation may play an important role in the development of precancerous lesions (22, 23) . Thus, in patients with precancerous lesions including AG, intestinal metaplasia or dysplasia during follow-up, Hp infection may not be a direct alarming signal for disease severity and/or its progression. But further basic and clinical studies are required for it.
The limitations of the present study are as follows: a) this was a retrospective study. There were some uncontrolled interfering factors which may have influenced the reliability of the results to a certain extent. However, the large sample size offset this defect partially, and b) dysplasia was categorized as mild, moderate and severe. There was inconsistency in the evaluation of mild dysplasia and different pathologists might have given different scores on any given case.
In conclusion: a) long follow-up interval and atrophic gastritis (AG) in combination with gastric ulcer (antral ulcer or gastric angle ulcer) may be potential alarming signals for dysplasia progression and should attract attention; and b) once precancerous lesions occurs, Hp infection may not directly related to disease progression towards early cancer.
The present study is a preliminary retrospective clinical study, so clinical prospective trials are further required to confirm our findings and to provide concrete guidelines for clinical practice.
